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Abstract -I n t h e HERA ep c o l l i d e r , l o n g i t u d i n a l e l e c t r o n p o l a r i z a t i o n w i t h the choice o f both h e l i c i t i e s i s r e q u i r e d a t c o l l i s i o n .
A p a i r o f s p i n r o t at o r s t u r n s t h e s p i n from i t s v e r t i c a l o r i e n t a t i o n i n the arc i n t o e i t h e r the forward o r t h e backward l o n g i t u d i n a l d i r e c t i o n a t t h e i n t e r a c t i o n point, and then back i n t o t h e v e r t i c a l again. The s p i n r o t a t o r s are o f a new k i n d w i t h r e l a t i v e l y small bending and beam excursion (mini r o t a t o r s ) . O r i g i n a l l y proposed f o r t h e former 20 mrad crossing geometry, they are now being matched i n t o the new head-on c o l l i s i o n geometry t h a t has r e c e n t l y been adopted f o r HERA.
t h e r o t a t o r an i n t e g r a l p a r t of it. Fig.1 : P r i n c i p a l sketch o f m i n i r o t a t o r as obt a i n e d from a Siberian Snake o f t h e 1 s t kind.
The HERA experiments r e q u i r e w e l l defined e l e c t r o n h e l i c i t i e s . Four p a i r s o f s p i n r o t a t o r s w i l l t h e r e f o r e be employed t o t u r n the transverse e l e c t r o n s p i n i n t o the beam d i r e c t i o n a t each o f t h e 4 i n t e r a c t i o n points. For t h i s purpose, a new type o f s p i n r o t a t o r , t h e so-called m i n i r o t a t o r proposed i n 1983 /1,2/, was r e c e n t l y adopted. S i b e r i a n snake of l S t kind.
I n p r i n c i p l e , t h i s s p i n r o t a t o r d e r ives from a Siberian Snake t h a t was found several years ago /3/ and cons i s t s o f a v e r t i c a l and a h o r i z o n t a l matched beam bump which are f o l d e d i n -, ( t o each other and s t a r t and end w i t h a + 4 5 O spin r o t a t i o n each (see Fig. 1 ).
C
This snake would r o t a t e the spin by 90" about the l o n g i t u d i n a l axis. I t transforms i n t o t h e r o t a t o r by i n v e r -HERA mini rotator ( p r i n c i~l ; ) : t i n g the s i g n o f t h e l a s t bending magnet; t h i s changes t h e outgoing spin o r i e n t a t i o n by 2~4 5~ and makes i t come out l o n g i t u d i n a l instead o f transverse h o r i z o n t a l . The r o t a t o r , then, i s n o t a s t r a i g h t u n i t as t h e snake was, b u t Y bends the beam i n t h e h o r i z o n t a l plane by an angle corresponding t o 90' s p i n r o t a t i o n . This bend can be incorporat e d i n t o t h e arc o f t h e r i n g by making Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1985274
In practice, the spin rotation. angles in this type of rotator may be chosen different from the scheme in Fig. 1 . When assuming the vertical beam bump in the rotator to be symmetric, and applying the geometric boundary conditions as overall length, bending angle etc., there still is a two-dimensional variety of rotator parameters to be chosen from. J. Buon has done a systematic investigation of this variety /4/, but before looking at his results, we must explain some of the rotator's properties.
The rotator is laid out for a certain energy at which it simultaneously provides the correct geometry and spin rotation. For given magnet strength, the beam deflection varies inversely with energy, while the spin rotation is independent of energy. Therefore, when varying the beam energy in the rotator, one can either maintain the correct beam geometry, by scaling the magnet strengths with energy, or maintain the correct spin rotations, by keeping the magnet strengths constant. Since the rotator is an integral part of the horizontal ring geometry, we must scale the horizontal magnet strengths when changing the energy of the ring, but we can then use the amplitude of the vertical beam bump in the rotator as a free parameter for compensating the induced error in spin rotation /2/. The analysis shows that this is a practicable way to extend the range of rotator operation to plusminus a few percent about its design energy. We believe this energy range to be necessary in tuning the ring for maximum polarization. A similar correction, more effective, consists in superimposing a certain small horizontal beam bump on the rotator /5/. The efficiency of these corrections is one of the criteria for choosing the rotator parameters.
Another criterion for rotatar evaluation is its spin tune shift and the variation of this tune shift with energy. In general, the rotator not only turns the equilibrium spin direction from the vertical into the longitudinal and back into the vertical, but also effects a spin precession about this axis and thus contributes to the overall spin tune of the machine. By proper choice of rotator parameters, it is possible to keep the spin tune of the machine the same as it were without rotators /4/. This is a convenient feature in operation, especially when turning individual rotator pairs on and off.
The rotators are turned on, of course, by turning on their vertical beam bumps, which are of opposite sign in a pair. Helicity is inverted by inverting both of them. The amplitude of the beam bump is an important design parameter; it must be small to make the rotator technically feasible. In the HERA mini rotator, it is less than 20 cm. A vertical beam displacement of + 20 m could be accomodated in a 0.5 m high magnet aperture, but this would be unnecessarily elaborate. One can use magnets with normal aperture and move them up and down mechanically. Since there are no quadrupoles within the rotator, the motion is not required to be very accurate, except for keeping the magnets carefully leveled transversely.
The most important property characterizing a rotator, however, is its effect on maximum polarization. In a flat ring, the upper limit for radiative polarization is 92.4 %. The vertical deflection in the rotator decreases this upper limit due to the fact that then, in rotator magnets, the polarization vector does not coincide with the field direction anymore. The effect goes with the inverse square of the rotator length and can thus be reduced by making the magnets weaker and longer. On the other hand, the length of the rotator is restricted by ring geometry and by the absence of focusing within.
A result of J. Buon's survey of rotator parameters /4/ is shown in his "weather map" Fig. 2 , where the I1isobarsl1 connect rotator samples of equal reduction in maximum polarization. The indicated figure of merit varies between 13 (optimum) and 30 in relative units and refers to the same rotator length. The coordinate axes denote the bending angles in the first two horizontal magnets. The (almost vertical) dash-dotted lines (I), (2), (3) connect rotator samples of equal total bending angle. The dotted curve indicates a singularity in the off-energy correction using the vertical beam bump, which fails to work in that vicinity. The two dashed lines connect samples of vanishing spin tune shift. The square mark is the rotator of the HERA proposal /6/, and the triangular mark is the mini rotator proposed last year /2/, which apgears to be a near-optimum solution. a, (deg) Fig.2 : Survey of a two-dimensional variety of mini rotator specimens (J. Buon) More recently, J. Buon has extended his systematic search to include rotators with non-symmetric vertical bumps, resulting in some further improvement /7/. The outcome is shown in Fig. 3 . At a length of 56.6 m and a total horizontal deflection of 20 mrad, it yields a maximum polarization of 82.7 % in the HERA crossing angle geometry pursued a that time. Its off-energy correction by means of the vertical beam bump works adequately in an energy range of + 3 %, and its contribution to spin tune is practically zero over this whole range. The crossing angle geometry is shown in Fig. 4 , and a spin-transparent optic in Fig. 5 This decision posed the problem of how to incorporate the spin rotators in a head-on collision scheme. The principle solution /lo/ is shown in Fig. 6 which also indicates, in dashed lines, the former 20 mrad crossing geometry. Essentially, the last rotator bending magnet, with a horizontal deflection of 10.5 mrad, is taken off the rotator in part or even fully /11/ and is transferred into the immediate vicinity of the interaction point, where it provides the required spin rotation as well as a separation of the = 30 GeV electron beam from the (hardly affected) 300-800 GeV proton beam. It is hoped that the fan of synchrotron radiation from this magnet can be passed unobstructedly through the detector, since it originates so close to it. The geometry of both beams is symmetric with respect to the interaction point; its details are being worked out in collaboration with detector designers at present. The new geometry, i n p r i n c i p l e , somewhat d e t e r i o r a t e s the s p i n transparency o f t h e machine i n two respects:
(1) I t i s n o t spin-transparent a t t h e p o s i t i o n o f t h e t r a n s f e r r e d " r o t a t o r 1 ' magnet near t h e i n t e r a c t i o n p o i n t . Thus, r a d i a t i o n i n t h i s magnet w i l l cause some spin d i f f u s i o n . (2) The t r a n s f e r r e d magnet causes some d i s p e r s i o n i n the long s t r a i g h t section such t h a t i t i s n o t f u l l y spin-transparent for synchrotron o s c i l l a t i o n s anymore /12/.
Spin matching f o r the new o p t i c i s being done a t present, and i n f i r s t SLIM runs a p o l a r i z a t i o n o f 60 % was obtained /13/. The above e f f e c t ( 1 ) i s n o t expected t o not a b l y reduce p o l a r i z a t i o n , i f the t r a n s f e r r e d magnet i s made long and weak enough. The e f f e c t ( 2 ) i s f e l t more strongly, although being caused b y a non-spin-matched dispersion component t h a t o n l y has an amplitude o f a few centimetres. I t can be cured by i n t r o d u c i n g i n the s t r a i g h t s e c t i o n a beam t r a n s l a t i o n made o f two opposit e l y bending magnets which generate the a d d i t i o n a l dispersion f o r r e s t o r i n g s p i n transparency /20/.
Another possible cure i s the method o f harmonic synchrotron s p i n matching t h a t has been proposed t o decouple t h e spin motion from synchrotron o s c i~l a t i o n s /14,15/.
It consists i n making t h e machine spin-transparent f o r synchrotron o s c i l l a t i o n s a t t h e nearest i n t e g e r spin resonance(s) by matching t h e Chao-Yokoya transparency i n t e g r a l s /16/ t o be zero a t t h e resonance(s), where t h e integrand i s p e r i o d i c and t h e i n t e g r a l , The design energy o f the, r o t a t o r has so f a r been 27.5 GeV s i n c e t h i s energy can be reached i n the HERA e l e c t r o n r i n g w i t h i t s i n i t i a l o u t f i t o f rf t r a n s m i t t e r s and cav i t i e s taken from PETRA. However, work w i t h a p o l a r i z e d beam would be g r e a t l y eased by going up t o 35 GeV where t h e p o l a r i z a t i o n time, instead o f h a l f an hour, w i l l be 10 minutes o n l y and also, as pointed out by 3. Buon /la/, t h e r e d u c t i o n o f maximum p o l a r i z a t i o n by t h e r o t a t o r wi 11 be smaller. This energy r i s e w i 11 demand t h e addit i o n o f a few superconducting c a v i t y u n i t s t o t h e r i n g , but these w i l l h o p e f u l l y be a v a i l a b l e a t some time. W e were t h e r e f o r e challenged by 6.-A. Voss t o design a r o t at o r that, b y rearranging i t s components, can be used a t 35 GeV as w e l l as a t 27.5 GeV. We have since solved t h i s problem i n p r i n c i p l e , by superimposing a small h o r i z o n t a l beam bump, and are now working out t h e d e t a i l s o f a v a r i a b l e energy m i n i r o t a t o r t h a t works a t any energy i n the 25 % range between 27 and 35 GeV /19/.
